A stable L-form of Streptococcus faecalis (T53) was transferred in media containing decreasing concentrations of sucrose until it grew in medium without added osmotic stabilizer. This L-form (designated T53,) was compared with T53 from which it was derived. The survival of these two L-forms suspended at different osmolalities showed that maximal survival for T58I was 350 to 400 milliosmolal and for T,3 was 900 to 1,000 milliosmolal. Both peaks were at the osmolality of their growth media. Measurement of intracellular potassium and sodium showed that the concentration of these ions was reduced in T,3,1.
Many bacterial L-forms are osmotically fragile, requiring electrolytes, sucrose, or other osmotic stabilizers in the medium to survive. Although L-forms of a number of species of gram-negative bacilli have been grown without osmotic stabilizer, streptococcal L-forms have usually required sucrose or NaCl in the medium (3) .
In the present study, we have examined a stable L-form of Streptococcus faecalis trained to grow in media without osmotic stabilizer. The ability of this L-form to survive at different osmolalities and intracellular levels of Na and K ions has been compared with the Lform from which it was derived growing in media containing 0.5 M sucrose.
MATERIALS AND METHODS
Media. Brain Heart Infusion (BHI) broth or agar (Difco Laboratories) was used as the basic medium. When necessary, 0.5 M sucrose was added to the medium as osmotic stabilizer. Bovine serum albumin (BSA) (Armour Co.) had been found to be necessary for optimal growth in BHI agar and was added to all agar media.
Organisms. The stable L-form of S. faecalis, T,,, which has been described previously (3), was grown initially in liquid biphasic medium but transferred readily to BHI-0.5 M sucrose broth without agar slope or BSA. T,, was transferred more than 500 times in BHI-0.5 M sucrose broth and stored frozen in this medium. Frozen cultures were thawed, and 0.5 ml was inoculated into 9 ml of fresh medium. T53 was transferred twice in fresh medium before use in experiments.
Intracellular Na and K in L-forms. Intracellular Na and K were measured as described previously (4), which is essentially the method of Schultz and Solomon (6) . T,S1 and T,, were cultured in BHI (370 milliosmol) and BHI containing 0.5 M sucrose (950 milliosmol), respectively. Flasks containing 1,500 ml of medium were inoculated with a 24-hr culture of Lforms. Cells were obtained by centrifugation at 4 C and were placed in cytocrit tubes. These tubes were centrifuged at 20,000 x g for 60 min, and the deposits were expelled onto weighed cover slips. Extracellular volume was determined with serum albumin 1131 (Abbott Laboratories). Na and K content of the pellets was determined by flame photometry after digestion with nitric acid and hydrogen peroxide.
RESULTS
Derivation of T.,, growing without osmotic stabilizer. Stable L-form T5, was transferred to BHI broth containing 0.5 M to 0 concentrations of sucrose in 0.1 M increments. Successive transfers were made from the lowest sucrose concentration showing macroscopic growth. Growth in BHI-0.3 M sucrose occurred readily, and, after cultivation in BHI-0.2 M sucrose, the organism grew in BHI without osmotic stabilizer. These L-forms have been designated T6SI . Macroscopic growth was poor initially, but after 10 transfers in BHI, the population reached 3 x 10 colony-forming units (CFU) ml after 48 hr. T,3, used in the experiment, had been serially transferred 38 times without osmotic stabilizer and grew to 2 x 108/ml at 16 hr. These L-forms were stored frozen. L-form colonies of T5,, on BHI agar ( The growth of the L-forms T53 and T53, at 37 C is shown in Fig. 2 . T6I3 did not grow as rapidly as T6S. The growth rate of the latter is almost identical with that of the parent bacterial form of S. faecalis.
Osmotic stability of T,, and T581. Dilutions of cultures of T^R and T.,r in late stationary phase of growth (ca. 103 CFU/ml) were suspended in sucrose and NaCl at varying concentrations up to 2,000 milliosmolal in 0.067 M Sorenson's buffer (Na2HPO-KH2PO) at pH 7.2. Survival after incubation at 37 C for 2 hr milliosmolal. Less than 10% of T5,,1, however, survived at each osmolality studied.
The experiment was repeated with 0.05% neopeptone added to the buffered reaction mixtures. This nutrient was selected because we had used it previously in serum killing assays of L-forms. The results of this experiment showing per cent survival of inoculated Lforms are shown in Fig. 3 The osmotic requirement of L-forms has varied markedly with the species and strain of bacteria (3) . A number of bacterial L-forms have been shown to survive without osmotic stabilizer. The early work of Dienes and coworkers with Streptobacillus moniliformis and Proteus sp. was carried out without osmotic stabilizer, and salt in the media did not increase the production of several strains of Salmonella and Haemophilus species (2). Lforms of Streptococcus species have required osmotic stabilizer for their production.
The maximal survival of T5.1 was at an osmolality of 350 to 400 milliosmolal and for T,, was at 900 to 1,000 milliosmolal. The assumption that these cells are osmometers surrounded by semipermeable membranes suggested that the internal osmolality had been reduced in T531. The finding of a lowered intracellular cation content was consistent with this. It is probable that some of the difference in K content in exponential phase of growth was the result of difference in the rate of growth. However, the total cation content was considerably greater in T,3 at all stages of growth.
T.3 accumulated K during growth to a level similar to that seen in the parent S. faecalis (4) . These values were considerably greater than the levels observed in T,8 in 1967 at a time when it was growing less well in liquid medium (C. Potter et al., Fed. Proc. 26:308,1967) .
If it is accepted that K and Na accounted for the major part of cation osmotic activity and approximately half of the total osmotic activity (assuming equivalent numbers of osmotically active anions), i.e., that there is no significant binding of these cations, the total K and Na in the exponential and stationary phases of growth would suggest that there is considerable change in internal osmolality with growth. The observations that the internal osmolality is usually higher than that of the medium and that internal osmolality increases with multiplication of the L-form have been made previously with bacteria with cell walls. It has been argued that the rigid cell wall in bacteria has allowed for the changes in osmotic pressure. In the absence of cell wall in the L-form, the fluctuation of osmotic pressure must be tolerated by the membrane. It would seem that either the membrane plays a greater role in bacteria in accommodating the variation in osmotic pressures or the L-form membrane has become more resilient by some means. Difference in fatty-acid composition of L-forms as compared to the parent bacteria suggest that considerable modification of lipids occurs (5) . We have observed changes in membrane fatty acids at different stages of growth of T53 (unpublished data).
A prominent feature of bacteria (as compared to some other more complex cells) is their ability to survive over a considerable range of osmolalities. It seems that L-forms may also be able to survive over a similar range of osmolalities. The mechanism of this osmoregulation is poorly understood. The study of the L-form without cell wall may provide some insight into this fundamental process in bacteria.
